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No fee is believed to be due. However, the Commissioner is authorized to charge any fees 
required in connection with the filing of this paper to account No. 50-5620 (Order No,: 
12090-US-PA) 



AMENDMENT AND RESPONSE TO OFFICE ACTION 

United Stales Patent and Trademark Office 
Customer Service Window, Mail Stop Amendment 
Randolph Building 
401 Dulany Street 
Alexandria, VA 223 14 

Dear Sin 

In response to the Ex Parte Qnayle Action dated June 22, 2005, please enter the 



following amendments consider the following remarks. 
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AMENDMENT 



In the Title 

Please substitute the following title for the pending title. 
NAND FLASH MEMORY CELL ROW 
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In the Specification 

Please amend paragraphs [0004] as follows: 

In recent years, flash memory device has become the main stream of the non- 
volatile memory device since that type of memory device allows for multiple data 
writing* loading and erasing operations. In addition, the stored data can be preserved even 
the power of the memory device is removed 

Please amend paragraphs [0005] as follows: 

In a conventional flash memory device, generally the floating gate and control 
gate of are manufactured with doped amorphous silicon. In a stacked gate_flash memory 
device, the control gate is disposed on the floating gate directly, a dielectric layer is 
disposed between the floating gate and the control gate, and a tunnel oxide layer is 
disposed between the floating gate and the substrate. 

Please amend paragraphs [0008] as follows: 

Further, the conventional flash memory array includes the NOR_array structure 
and the NAND array structure. Since in the NAND array structure, the memory cells are 
connected in series, the integration of the NAND array structure is larger than that of the 
NOR array structure. However, the writing and the loading procedure of the memory cell 
of the NAND array structure is more complex. For example, the programming and erase 
operation of the memory cell of the NAND array structure are all performed by the tunnel 
F-N (Fowlex-Nordheim) tunneling effect, to inject electrons into the floating gate via the 
tunnel oxide layer, and to pull out electrons from the floating gate to the substrate via the 
tunnel oxide layer. Therefore, the tunnel oxide layer will be damaged under high voltage 
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operation andthe stability will be reduced. Moreover, since a lot of memory cells are 
connected in series in the NAND array, the loading current of the memory cell is reduced; 
thus, the operation speed and the performance of the memory cell are also reduced. 
Please amend paragraphs [0009] as follows; 

Accordingly, one object of the present invention is to provide a NAND flash 
memory cell row to enhance the performance of ajnemory cell. 
Please amend paragraphs [0010] as follows: 

Another object of the present invention is to provide a_manufacturing method of 
NAND flash memory cell row, wherein the manufacturing a NAND flash memory cell 
row with high erase speed can be simplified. 

Please amend paragraphs [00 1 1] as follows; 

In order to achieve the above objects and other advantages of the present 
invention, a NAND flash memory cell row is provided. The NAND flash memory cell 
row includes_a plurality of first stacked gate structures, second stacked gate structures, 
control gates, floating gates, an inter-gate dielectric layer, a tunnel oxide, a plurality of 
doping regions and a plurality of source/drain regions. The first stacked gate structures 
are disposed on a substrate, and each of the first stacked gate stnictures_incrudes an erase 
gate dielectric layer, an erase gate and a first cap layer. The second stacked gate 
$rructures_are disposed on_the substrate beside two outer sides of the first stacked gate 
structures_respectively, and each of the second stacked gate stnictures_includes a select 
gate dielectric layer, a select gate and a second cap layer. The control gate is disposed 
between the first stacked gate structures and each of the second stacked gate structures, 
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and between every two of the neighboring first stacked gate structured. The floating gate 
is disposed between the control gate and the substrate, and has a sharp corner and a 
concave surface facing each of the control gate. The edge of the concave surface is lower 

* 

than the top surface of the erase gates. The inter-gate dielectric layer is disposed between 
each of the control gates and each of the floating gates. The tunnel oxide, disposed 
between_each of the floating gates and the substrate, between each of the floating gates 
and the first stacked gate structures, and between each of the floating gates and the second 
stacked gate structures- Furthermore, the doping regions are disposed in the substrate 
under the first stacked gate structures, and the source/drain regions are disposed in the 
exposed substrate being at the outer side of the second stacked gate structures. 
Please amend paragraphs [0012] as follows: 

In another embodiment of the invention, a manufacturing method of NAND flash 
memory cell row is provided by the present invention. The method includes the following 
steps. First, a plurality of doping regions and a plurality of source/drain regions are 
formed in a substrate, wherein the source/drain regions are disposed at outer sides of the 
doping regions. Thereafter, a plurality of stacked gate structures are formed on the 
substrate. Each of the stacked gate structures disposed on the doping regions includes at 
least an erase gate, and some_of the stacked gate structures_are disposed at a distance 
from the doping regions and are disposed beside the source/drain regions and includes at 
least a select gate. Then, a tunnel oxide is formed on the substratejto cover the substrate, 
the erase gate ^ the select gate surface. A plurality of floating gates are further formed 
between the stacked gate structures, a top surface of the floating gate is a_concave surface 

« 
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and has a sharp edge, wherein an edge of the_concave surface is lower than the top 
surface of the erase gates > Then, an inter-gate dielectric layer is formed on the floating 
gates; and a plurality of control gates are formed on the inter-gate dielectric layer. 
Please amend paragraphs [0020] as follows: 

FIG 1 is a cross-sectional view illustrating the structure of a NAND flash memory 
cell row according to the present invention. The memory cell rows illustrated in FIG 1 
have the same bit line 10, and each memory cell row has four memory cells. However, 
although the number of memory cells having the same bit line shown in FIG 1 is only 4, 
the number of memory cells is not limited to 4. Instead, it is dependent on the design and 
requirement. For example, a bit line can be connected to a structure has 32 to 64_memory 
cells. Hereinafter, each drawing is illustrated and described by just using a memory cell 
row for simplification. 

Please amend paragraphs [0021] as follows: 

Referring to FIG 1 , the NAND flash memory c ell row structure of the present 
invention includes at least a substrate 100, a plurality of first stacked gate structure 102, a 
tunnel oxide 104 3 a plurality of floating gate 106, a plurality of control gate 108, an inter- 
gate dielectric layer 110, doping regions 112, a plurality of second stacked gate structure 
130_and source/drain regions 122. The first stacked gate structure 102 includes an erase 
gate dielectric layer 114, an erase gate 1 1 6_and a cap layer having an oxide layer 
118a_and a dielectric layer 118b that are sequentially disposed on the surface of the 
substrate. The second stacked gate structure 130 includes a select gate dielectric layer 124, 

6 
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a select gate 126_aud a cap layer having an oxide layer I28a_and a dielectric layer 128b 
that are sequentially disposed on the surface of die substrate. 
Please amend paragraphs [0024] as follows; 

The stacked structure of the control gate_108 and the floating gate 1 06 is disposed 
between a plurality of the first stacked gate structure 102, and between the second stacked 
gate structure 130_and the_first stacked gate structure 102 adjacent to the structure 130. 
The material of the control gate 108 includes, for example but not limited to,_doped 
amorphous silicon. The floating gate 106 is disposed between each control gate 108_and 
the substrate 100, and each floating gate 106_has a concave surface 105. The concave 
surface 105 is faced to each control gate 108, and the edge 107 of the concave surface 105 
is Sharp, wherein the edge of the concave surface 105 is lower than the top surface of the 
erase gate 116. The stacked structures 109 constructed with the control gates I08_and the 
floating gates 1 06_are interlaced with the stacked gate structures 1 02. 
Please amend paragraphs [0026] as follows: 

The tunnel oxide layers 104 are disposed between each floating gates 106 and the 
substrate 100, and between each floating gates I06_and the stacked gate structures 102. 
_The_material of the tunnel oxide layers 104 includes, for example but not limited to, a 
silicon oxide. The intergate dielectric layers 110 are disposed between the control gates 
108 and the floating gates 106. The material of the inter-gate dielectric layer 110 includes, 
for example but not limited to, silicon oxide/silicon nitride/silicon oxide, silicon 
nitride/silicon oxide or silicon oxide/silicon nitride. 

Please amend paragraphs [0027] as follows: 
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In the NAJND flash, memory cell row structure described above, since the floating 
gate 106 has a concave surface 105, the junction area between the floating gate 106_and 
the control gate 108 is increased. Thus the gate coupling ratio of the memory cell is also 
increased. Therefore, the working voltage of the operation is reduced and the operation 
speed and performance of the memory cell are increased. 

Please amend paragraphs [0029] as follows: 

w 

[0029] Referring to FIG 2, each element having the same reference number with that in 
FIG 1 is referred to the corresponding element of the NAND flash memory cell of the 
present invention in FIG 1. Moreover, besides the floating gate 106_has a concave 
surface 105 to enhance the gate coupling ratio of the memory cell, the edge 107 of the 
concave surface 105 is sharp also to increase the erase speed of the memory cell due to 
the point discharge effect. 

■ 

Please amend paragraphs [0031] as follows: 

Referring to FIG 3 A, a substrate 100 is provided. A device isolation structure has 
been formed on/in the substrate (not shown) to define an active region. Then, a plurality 
of doping regions 112_and a plurality of souiceAirain regions I22_are formed in the 
substrate 100, wherein the source/drain regions 122 are disposed at the outer side of the 
„ periphery of the doping regions 1 12. Moreover, when the substrate 100 is a p-type silicon 
substrate, generally a p-type well region 120_is formed in the substrate 100 before the 
doping regions 1 12_and the source/drain regions 122 are formed. Further, the depth of the 
p-type well region 120 is deeper than that of the doping regions 112. 

Please amend paragraphs [0032] as follows: 

♦ 
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Referring to FIG 3B, a plurality of the first and second stacked gate structures 102, 
130 is formed on the substrate 100, wherein each first stacked gate structure 102 
^disposed on the doped region 112_has at least an erase gate 116. Moreover, each second 
Stacked gate structure 130 that is disposed at a distance from the doping regions 112 and 
beside the source/drain regions 122 has at least a select gate 126. The first stacked gate 
structure 102 includes, for example but not limited to, an erase gate dielectric layer 114, 
an erase gate 116__and a cap layer having an oxide layer 118a_ and a dielectric layer 118b. 
The second stacked gate structure 130 includes, for example but not limited to 7 a select 
gate dielectric layer 124, a select gate 126_and a cap layer having an oxide layer 
128a_and a dielectric layer 128b, The step of forming the first and second stacked gate 
structures 102 and 130 includes that forming a first dielectric layer, a conductive layer; an 
oxide layer and a second dielectric layer on the substrate 1 00 sequentially. The material of 
the first dielectric layer includes, for example but not limited to, silicon oxide. The 
material of the conductive layer includes, for example but not limited to, doped 
amorphous silicon. The material of the second dielectric layer includes, for example but 
not limited to, silicon nitride. The method of forming the first dielectric layer on the 
substrate 100 includes a thermal oxidation method. The second dielectric layer, the oxide 
layer, the conductive layer and the first dielectric layer are patterned to form the dielectric 
layer 118b, the oxide layer 118a, the erase gate 116jand the erase gate dielectric layer 
1 14_and the dielectric layer 128b, the oxide layer 128a, the select gate 126_and the select 
gate dielectric layer 124. The oxide layers 118a and ^Sajnclude, for example but not 
limited to, tetraethy- lorthosilicale (TEOS) oxide layer. 

9 
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Please amend paragraphs [0033] as follows; 

Then, referring to FIG 3C, a tunnel oxide layer 104 is formed on the substrate 100 
to cover the surfaces_of the substrate 100, the erase gate 1 1 6_and the select gate 126. The 
material of the tunnel oxide layer 104 includes, for example but not limited to, a silicon 
oxide. The method of forming the tunnel oxide layer 104 includes, for example but not 
limited to, a thermal oxidation method. _Next, a conductive layer 1 03 is formed between 
the stacked gate structures 102 and 130, and then a portion of the constuctive layer 103 is 
removed to make the surface of the conductive layer 103_lower than the top surfaces of 
the first and second stacked gate structure 102 and 130. The method of removing a 
portion of the conductive layer 103 includes, for example but not limited to, an etch back 
method. 

Please amend paragraphs [0034] as follows: 

Next, referring to FIG, 3D, the top surface of the conductive layer 103 is oxidized 
to form an oxide layer 111 on the top surface of the conductive layer 103. The method of 
oxidizing the top surface of the conductive layer 103 includes, for example but not 
limited to, a wet oxidation method. JSince the wet oxidation method will consume a 
portion of the conductive layer 103, the oxide layer 11 l_thal is finally formed has a thick 
center and two sharp ends, which shapes like a "birds beak". 

Please amend paragraphs [0035] as follows: 

Then, referring to FIG 3E, the oxide layer 111 is removed (in comparison with 
FIG 3D) to form the floating gate 106, wherein the top surface is a concave surface 105 
and the edge 1 07 of the top surface is sharp. The_edge of the concave surface 1 05 is 

10 
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lower than the top surface of the erase gate 116. An inter-gate dielectric layer 110 is 
further formed on the floating gate 106, and a control gate 108 is formed on the inter-gate 
dielectric layer 110, The step of fonning the control gate 108 includes, for example but 
not limited to, forming a conductive layer (not shown) on the substrate 100, and removing 
a portion of the conductive layer till the top surface of the dielectric layer 118b is exposed. 
The method of removing a portion of the conductive layer includes, for example but not 
limited to, an etch back method or a chemical mechanical polishing (CMP) method- 
Please amend paragraphs [0038] as follows: 

Accordingly, in the present invention, a surface of the floating gate of the NAND 
flash memory cell is provided as a concave surface. Since not only the junction area 
between the floating gate and the control gate is increased, the concave surface of the 
floating gate and the sharp_edge of the floating gate is also lower than the top surface of 
the erase gate. Therefore, the coupling ratio is enhanced. Thus, the erase speed and the 
performance of the memory cell are enhanced. 

Please amend paragraphs [0039] as follows: 

Moreover, in the present invention, the thermal oxidation process is provided for 
the manufacturing of the sharp edge of the floating gate. The oxide formed by the thermal 
oxidation is then removed to make the floating gate to have_a concave surface. Since the 
edge of the floating gate is sharp, the erase speed and the performance of the memory cell 
are enhanced. 
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In the Abstract 

A NAND flash memory cell row aud tho manufactuiing method thoroof ore 
provided Tho memory coll row includes first and second stacked gate structures, control 
and floating gates, jm intergate dielectric layer, a tunnel oxide layer, doping regions and 
source/drain regions. B ach oftT he first stacked gate structures has an erase gate dielectric 
layer, an erase gate and a first cap layer. Each of tT he second stacked gate structure has a 
select gate dielectric layer, a select gate and a second cap layer. The control gate is 
diapoaed between each of the first stacked gate structures, and between each of the second 
stacked gate structures and the-adjacent first stacked gate structure. The floating gate is 
dispoaed between the control gate and fee-substrate and hao a concave surface with a 
sharp edge. The inter-gate dielectric layer is disponed between the control and floating 
gates. The tunnel oxide is disposed between the floating gate and the-substrate. 
Furthermore, tThe doping regions are di s po a ed under the first stacked gate structure, and 
the source/drain regions are dispose d in the exposed substrate at tho outer oido of tho 
second otack e d gate structure. 
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REMARKS 



Present Status of the Application 

The Office Action objected to the specification, the abstract, and the title. 
Applicants have corrected the errors as described in the Office Action in response to the 
aforementioned objections. 



Response To Objections To Specification 

Applicants have corrected the typographical errors stated by the Examiner in the 
Office Action- The amended paragraphs on pages 1 -4 are shown above. 



Response To Objection To Abstract 

Applicants have amended the Abstract through the foregoing Amendment to consist 
of 143 words, an amount well within the maximum limit of 250. In addition, the amended 
abstract also is clearly indicative of the invention to which the claims are directed. 
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CONCLUSION 



By including the above amended specification, title, and abstract, it is believed the 
present application is in proper condition for allowance. If the Exanuner believes that a 
telephone conference would expedite the examination of the above-identified patent 
application,, the Examiner is invited to call the undersigned. 



Jianq Chyun Intellectual Property Office 

7*Floor-l,No. 100 

Roosevelt Road, Section 2 

Taipei, 100 

Taiwan 

Tel: 011-886-2-2369-2800 
Fax: 011-886-2-2369-7233 
Email: belinda(S[)cipgroup.com.tw 
Us a@jcip grout) .com .tw 




Date; 





Belinda Lee 



Registration No.: 46,863 



14 



PAGE 15/15 1 RCVD AT 8/19/2005 6:09:42 AM [Eastern Daylight Time] * SVItUSPTO-EFXRF-6/24 1 DN1S:2738300 1 C$ID:886223697233* DURATION (ntm-$$):03-08 



